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(54) Electronic device and electronic apparatus 

(57) An EL display having high operating perform- 
ance and reliability is provided. LDD regions 15a 
through 1 5d of a switching TFT 201 formed in a pixel are 
formed such that they do not overlap gate electrodes 
19a and 19b to provide a structure which is primarily 
intended for the reduction of an off-current. An LDD 
region 22 of a current control TFT 202 is formed such 

46 



that it partially overlaps a gate electrode 35 to provide a 
structure which is primarily intended for the prevention 
of hot carrier injection and the reduction of an off-cur- 
rent. Appropriate TFT structures are thus provided 
depending on required functions to improve operational 
performance and reliability. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to an elec- 
tronic device formed by fabricating a semiconductor ele- 
ment (element utilizing a semiconductor thin film) on a 
substrate and an electronic apparatus utilizing such an w 
electronic device as a display portion. Particularly, the 
present invention is a technique which is advanta- 
geously embodied in an active matrix EL (electrolumi- 
nescence) display which is an electronic device. 

15 

2. Description of the Related Art 

[0002] Recently, great advances have been made 
in techniques for forming TFTs on a substrate, and 
application of the same to the development of active 20 
matrix displays is in progress. Especially, TFTs utilizing 
polysilicon films are capable of operations at a high 
speed because they have higher field effect mobility 
compared to conventional TFTs utilizing amorphous sil- 
icon films. This has made it possible to control pixels 25 
with a driving circuit formed on the same substrate 
(insulator) on which the pixels are formed unlike the 
prior art in which pixels have been controlled by a driv- 
ing circuit outside the substrate. 

[0003] Such active matrix displays are presently 30 
attracting attentions for various advantages including 
compactness of the displays, improved yield and 
reduced throughput attributable to the fact that various 
circuits and elements are fabricated on the same sub- 
strate. 35 
[0004] Various circuits and element portions having 
various functions are formed on the substrate of an 
active matrix display. Therefore, when elements are 
formed of TFTs, the TFTs are required to have different 
performance depending on the respective circuits and 40 
elements. For example, TFTs operating at a high speed 
are required for shift registers for generating a timing 
signal and the like, and TFTs having a sufficiently low 
off-current (a drain current that flows when a TFT is off) 
are required for switching elements for accumulating 45 
electrical charges. 

[0005] In such a case, it is difficult to maintain per- 
formance requirements of all circuits or elements only 
with TFTs having the same structure, which can be a 
serious obstacle to efforts toward improved perform- so 
ance of active matrix displays. 

[0006] It is an object of the invention to provide an 
active matrix type electronic device having a pixel por- 
tion and driving circuit portions provided on the same 
insulator, in which TFTs having appropriate structures 55 
are used depending on performance required for cir- 
cuits or elements formed by the TFTs to provide high 
operating performance and reliability. 



[0007] It is another object of the invention to 
improve the quality of images on an electronic device 
(particularly, an active matrix type EL display), thereby 
improving the quality of an electronic apparatus utilizing 
the same as a display portion. 

SUMMARY OF THE INVENTION 

[0008] In order to achieve the above-described 
objects, a principle of the present invention is that TFTs 
having optimum structures are allocated to each pixel of 
an EL display taking in view of the elements included in 
the pixel. That is, TFTs having different structures are 
present in the same pixel. 

[0009] Specifically, TFT structures oriented toward 
lower off-currents rather than higher operating speeds 
are preferable for elements for which a sufficiently low 
off-current is the most important requirement (switching 
elements and the like). For elements through which a 
high current must flow as the top priority, it is preferable 
to use TFT structures oriented toward flow of high cur- 
rents and suppression of very much problematic deteri- 
oration attributable to injection of hot carriers rather than 
the reduction of the off-current. 

[0010] The present invention makes it possible to 
improve operating performance and reliability of an EL 
display by using different TFTs appropriately on the 
same insulator. The principle of the present invention is 
characterized in that TFT structures are optimized not 
only in a pixel portion but also in driving circuit portions 
for driving the pixel portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 shows a sectional structure of a pixel portion 
of an EL display. 

Figs. 2A and 2B show a top surface structure of the 
pixel portion of the EL display. 
Figs. 3A through 3E show steps for fabricating an 
active matrix EL display. 

Figs. 4A through 4D show steps for fabricating an 
active matrix EL display. 

Figs. 5A through 5C show steps for fabricating an 
active matrix EL display. 

Figs. 6A and 6B show sectional structures of a pixel 
portion of an EL display. 

Fig. 7 shows a configuration of elements in a pixel 
portion of an EL display. 

Fig. 8 shows a configuration of elements in a sam- 
pling circuit of an EL display. 
Fig. 9 shows a sectional structure of a pixel portion 
of an EL display. 

Figs. 10A and 10B shows a sectional structure of a 
pixel portion of an EL display. 
Fig. 1 1 A and 1 1 B show a top surface structure and 
a sectional structure of an EL display. 



2 



3 



EP 1 049 176 A2 



4 



Figs. 12A through 12C show circuit configurations 
of a pixel portion of an EL display. 
Figs. 13A and 13B show circuit configurations of a 
pixel portion of an EL display. 

Figs. 14A and 14B show circuit configurations of a 5 
pixel portion of an EL display. 
Figs. 15A through 15F show specific examples of 
electronic apparatuses. 

Figs. 16A and 16B show specific examples of elec- 
tronic apparatuses. 10 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

[0012] A preferred embodiment of the invention will 15 
now be described with reference to Figs. 1 and 2. Fig. 1 
is a sectional view of a pixel of an EL display according 
to the invention. Fig. 2A is a plan view of the same, and 
Fig. 2B shows a circuit configuration of the same. In 
practice, a plurality of such pixels are arranged in the 20 
form of a matrix to form a pixel portion (image display 
portion). 

[001 3] The sectional view of Fig. 1 shows a section 
along the line A-A' in the plan view of Fig. 2A. Since 
common reference numbers are used in Figs. 1 , 2A and 25 
2B, those figures may be cross-referred appropriately. 
While the plan view in Fig. 2A shows two pixels, they 
have the same structure. 

[0014] In Fig. 1,11 represents a substrate, and 12 
represents an underlying film (insulator). The substrate 30 
1 1 may be a glass substrate, glass-ceramics substrate, 
quartz substrate, silicon substrate, ceramics substrate, 
metal substrate or plastic substrate (including a plastic 
film). 

[0015] While the underlying film 12 is advantageous 35 
especially when a substrate including mobile ions or a 
conductive substrate is used, it may be omitted for a 
quartz substrate. An insulation film including silicon may 
be provided as the underlying film 12. In the present 
specification, the term "insulation film including silicon" 40 
specifically implies an insulation film such as silicon 
oxide film, silicon nitride film or silicon oxinitride film 
(expressed by SiO x N y ) which includes silicon and oxy- 
gen or nitrogen in a predetermined ratio. 
[0016] Here, two TFTs are formed in a pixel. 201 45 
represents a TFT which serves as a switching element 
(hereinafter referred to as "switching circuit"), and 202 
represents a TFT which controls the amount of a current 
flowing through an EL element (hereinafter referred to 
as "current control TFT"). They are both n-channel type so 
TFTs. 

[0017] The switching TFT 201 is formed with an 
active layer including a source region 13, a drain region 
14, LDD regions 15a through 15d, a high density impu- 
rity region 16 and channel forming regions 17a and 17b, 55 
a gate insulation film 18, gate electrodes 19a and 19b, a 
first layer insulation film 20, a source line 21 and a drain 
line 22. As shown in Fig. 2A, the gate electrodes 19a 



and 19b are in a double gate structure in which they 
branch from the same gate line 21 1 . 
[0018] The active layer is constituted by a semicon- 
ductor film having a crystalline structure. That is, it may 
be a monocrystalline semiconductor film, polycrystalline 
semiconductor film or microcrystalline semiconductor 
film. The gate insulation film 18 may be constituted by 
an insulation film including silicon. Any conductive film 
may be used for the gate electrodes, source line and 
drain line. 

[0019] A storage capacitor 203 is connected to the 
switching TFT 201 (see Fig. 2B). The storage capacitor 
203 is formed by a capacitor forming semiconductor 
region 23 electrically connected to the drain region 14, 
the gate insulation film 18 (which serves as a dielectric 
body for forming a capacitor where the storage capaci- 
tor 203 is formed) and a capacitor forming electrode 24. 
A connection line 25 is a line for applying a fixed poten- 
tial (a ground potential in this case) which is formed 
simultaneously with the source line 21 and drain line 22 
and which is connected to a current supply line 212. 
[0020] At this time, the LDD regions 15a through 
15d of the switching TFT 201 are provided such that 
they will not overlap the gate electrodes 19a and 19b 
with the gate insulation film 18 interposed. 
[0021] The switching TFT 201 accumulates an 
electrical charge associated with a video signal (a sig- 
nal including image information) in the storage capacitor 
when it is selected. Since the electrical charge must be 
continually maintained in an unselected state, the leak- 
age of the electrical charge attributable to an off-current 
must be minimized. In this sense, the reduction of the 
off-current must be the top priority in designing the 
switching TFT 201. 

[0022] In order to reduce the off-current, it is further 
preferable to provide an offset region (which is consti- 
tuted by a semiconductor layer having the same compo- 
sition as that of the channel forming region and to which 
the gate voltage is not applied) between the channel 
forming region and the LDD region. In the case of a 
multi-gate structure having two or more gate electrodes, 
the high density impurity region provided between the 
channel forming regions is effective in reducing the off- 
current. Although a multi-gate structure as in the 
present embodiment is desirable, a single gate struc- 
ture may be employed. 

[0023] The current control TFT 202 is formed with 
an active layer including a source region 31, a drain 
region 32, an LDD region 33 and a channel forming 
region 34, a gate electrode 35, a first layer insulation 
film 20, a source line 36 and a drain line 37. While the 
gate electrode 35 has a single gate structure, a multi- 
gate structure may be employed. 
[0024] As shown in Fig. 2A, the gate electrode 35 is 
electrically connected to the drain region 14 of the 
switching TFT 201 through the drain line (which may be 
also referred to as "connection line") 22. The source line 
36 is integral with the connection line 25 and is con- 
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nected to the current supply line 212 similarly to the 
same. 

[0025] The current control TFT 202 is characterized 
in that the LDD region 33 is provided between the drain 
region 32 and the channel forming region 34 and in that 
the LDD region 33 has an area which overlaps the gate 
electrode 35 with the gate insulation film 18 interposed 
and an area which does not overlap the same. 
[0026] The current control TFT 202 supplies a cur- 
rent to cause the EL element 204 to emit light and ena- 
bles gray scale display by controlling the amount of the 
same. It is therefore necessary to take a countermeas- 
ure to deterioration attributable to the injection of hot 
carriers in order to prevent deterioration even when a 
high current flows. The current control TFT 202 is kept 
in an off state to display black and, at this time, a high 
off-current disables clear display of black to reduce con- 
trast. It is therefore also necessary to suppress the off- 
current. 

[0027] Referring to deterioration attributable to the 
injection of hot carriers, structures in which the LDD 
region overlaps the gate electrode are known to be very 
effective in preventing the same. However, since the off- 
current is increased if the entire LDD region overlaps 
the gate electrode, the inventors have provided meas- 
ures to deal with hot carriers and an off-current by 
employing a novel structure in which an LDD region 
having an area which does not overlap a gate electrode. 
[0028] The length of the area of the LDD region that 
overlaps the gate electrode may be in the range from 1 
to 3 u.m (preferably from 0.3 to 1 .5 jim). An increase in a 
parasitic capacitance occurs when this length is too 
large, and the effect of preventing hot carriers is 
reduced when it is too small. The length of the area of 
the LDD region that does not overlap the gate electrode 
may be in the range from 1 .0 to 3.5 uxn (preferably from 
1 .5 to 2.0 jim). A sufficient flow of current cannot be 
achieved this length is too large, and the effect of reduc- 
ing the off-current is reduced when it is too small. 
[0029] Since a parasitic capacitance is formed in 
the area of where the gate electrode and LDD region 
overlap in the above-described structure, it is preferable 
not to provide the same area between the source region 
31 and channel forming region 34. Since carriers (elec- 
trons in this case) flows through the current control TFT 
always in the same direction, a sufficient effect can be 
achieved by providing the LDD region only on the side 
of the drain region. 

[0030] As described above, two kinds of TFT having 
different structures are provided in a pixel depending on 
the function of the same. In the illustrated example, both 
of the switching TFT 201 and current control TFT 202 
are n-channel type TFTs. This is very much advanta- 
geous in increasing an effective emitting area of an EL 
element because an n-channel type TFT can be formed 
smaller than a p-channel type TFT. 
[0031] P-channel type TFTs are advantageous in 
that they are substantially free from the problem attribut- 



able to hot carrier injection and in that they have a low 
off-current, and reports have already been made on 
examples of the use of them as switching TFTs and cur- 
rent control TFTs. However, the present invention is fur- 

5 ther characterized in that a structure in which LDD 
regions are provided in different positions to solve the 
problem attributable to hot carrier injection and the 
problem of the off-current and in that all TFTs in all pix- 
els can therefore be n-channel type TFTs. 

10 [0032] 41 represents a passivation film which is a 
silicon nitride film or a silicon oxinitride film. 42 repre- 
sents a color filter, and 43 represents a fluorescent body 
(also referred to as "fluorescent dye layer"). Both of 
them have the same combination of colors and include 

15 red (R), green (G) and blue (B) dyes. The color filter 42 
is provided to improve color purity, and the fluorescent 
body 43 is provided to perform color conversion. 
[0033] There are four general types of methods for 
color representation on EL displays, i.e., a method 

20 wherein three types of EL elements associated with R, 
G and B are formed, a method wherein EL elements 
emitting white light are combined with a color filter, a 
method wherein EL elements emitting blue light are 
combined with a fluorescent body (fluorescent color 

25 conversion layer: CCM) and a method wherein a trans- 
parent electrode is used as a cathode (counter elec- 
trode) and EL elements associated R, G and B are 
overlapped therewith. 

[0034] The structure shown in Fig. 1 is an example 
30 of the method wherein EL elements emitting blue light 
are combined with a fluorescent body. A light emitting 
layer emitting blue light is used as the EL element 204 
to generate light having a wavelength in the blue range 
including ultraviolet light, and the fluorescent body 43 is 
35 excited by the light to generate light in red, green or 
blue. The color purity of the light is improved by the color 
filter 42 which then outputs the light. 
[0035] The present invention may be carried out 
regardless of the light emitting method used, and all of 
40 the above-described methods may therefore be used in 
the present invention. 

[0036] After the color filter 42 and fluorescent body 
43 are formed, planarization is carried out on the sec- 
ond layer insulation film 44. An organic resin film is pref- 
45 erably used as the second layer insulation film 44, and 
polyimide, acrylic resin or BCB (benzocyclobutene) may 
be used. Obviously, an inorganic film may be used if it 
can be sufficiently planarized. 

[0037] 45 represents a pixel electrode (anode of the 
50 EL element) which is constituted by a transparent con- 
ductive film and which is connected to the drain line 37 
of the current control TFT by providing a contact hole in 
the second layer insulation film 44 and passivation film 
41. 

55 [0038] An EL layer (which is preferably made of an 
organic material) 46, a cathode 47 and a protective 
electrode 48 are sequentially formed on the pixel elec- 
trode 45. A multi-layer structure is often used for the EL 
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layer 46, although it may have either of single-layer and 
multi-layer structures. While various multi-layer struc- 
tures for EL layers have been proposed which are com- 
binations of an electron transport layer and a hole 
transport layer in addition to a light emitting layer, the 
present invention accommodates any of such methods. 
[0039] A material including magnesium (Mg), lith- 
ium or calcium (Ca) having a small work function is used 
for the cathode 47. A MgAg electrode is preferably 
used. The protective electrode 48 is an electrode pro- 
vided to protecting the cathode 47 from ambient mois- 
ture which is formed using a material including 
aluminum (Al) or silver (Ag). 

[0040] The EL layer 46 and cathode 47 are prefera- 
bly continuously formed without exposing them to the 
atmosphere. That is, the EL layer and cathode are pref- 
erably continuously formed regardless of how they are 
stacked. The purpose is to prevent the EL layer from 
absorbing moisture as a result of exposure to the 
atmosphere when an organic material is used which is 
very much vulnerable to moisture. It is further preferable 
to continuously form not only the EL layer 46 and cath- 
ode 47 but also the protective electrode 48 thereon. 
[0041] The EL display according to the invention 
has a pixel portion formed by pixels having a structure 
as described above, and TFTs having different struc- 
tures are provided in each pixel depending on the func- 
tion thereof. This makes it possible to form a switching 
TFT having a sufficiently low off-current and a current 
control TFT resistant to hot carrier injection in the same 
pixel, thereby allowing the formation of an EL display 
which has high reliability and which is capable of prefer- 
able display of images. 

[0042] The present invention is not limited to a pixel 
portion of an EL display and can be equally applied to 
driving circuit portions of an active matrix EL display in 
which the driving circuit portions and a pixel portion are 
formed on the same substrate. Specifically, one princi- 
ple of the invention is to provide TFTs having different 
structures in either of a circuit driving portion and a pixel 
portion depending on the functions required by the cir- 
cuits or elements. 

[0043] The present invention can be applied also to 
the formation of signal processing circuits in addition to 
driving circuit portions and pixel portions as described 
above. Such signal processing circuits include signal 
dividing circuits, D-A converters, ^-correction circuits, 
boosting circuits and differential amplifier circuits. 
[0044] A more detailed description will be made on 
the present invention having the above-described con- 
figuration with reference to preferred embodiments. 

[Embodiment 1] 

[0045] A first embodiment of the invention will be 
described with reference to Figs. 3A through 5C. A 
description will be made here on a method for fabricat- 
ing TFTs of a pixel portion and driving circuit portions 



provided around the same simultaneously. For simplicity 
of the description, only a CMOS circuit is shown which 
is a basic circuit for such driving circuits. 
[0046] First, as shown in Fig. 3A, an underlying film 

5 301 having a thickness of 300 nm is formed on a glass 
substrate 300. In the present embodiment, the a silicon 
oxinitride film is used as the underlying film 301. At this 
time, the density of nitrogen in the region in contact with 
the glass substrate 300 is preferably in the range from 

w 10to25wt%. 

[0047] Next, an amorphous silicon film (not shown) 
having a thickness of 50 nm is formed on the underlying 
film 301 using a known film forming method. The film is 
not limited to an amorphous silicon film, and it may be 

15 any semiconductor film (and any microcrystalline semi- 
conductor film) including an amorphous structure. The 
film may alternatively be a compound semiconductor 
film including an amorphous structure such as an amor- 
phous silicon germanium film. The thickness may be in 

20 the range from 20 to 100 nm. 

[0048] The amorphous silicon film is then crystal- 
lized using known techniques to form a crystalline sili- 
con film (also referred to "polycrystalline silicon film" or 
"polysilicon film") 302. Known methods for crystalliza- 

25 tion include thermal crystallization utilizing an electri- 
cally heated furnace, laser anneal crystallization 
utilizing laser light and lamp anneal crystallization utiliz- 
ing infrared light. In the present embodiment, crystalli- 
zation is performed using excimer laser light utilizing 

30 XeCI gas. 

[0049] While pulse-oscillated excimer laser light 
formed in a linear configuration is used in the present 
embodiment, a rectangular configuration may alterna- 
tively be used. Continuously oscillated argon laser light 

35 or continuously oscillated excimer laser light may be 
used. 

[0050] Then, as shown in Fig. 3B, a protective film 
303 constituted by a silicon oxide film is formed to a 
thickness of 130 nm on the crystalline silicon film 302. A 

40 thickness within the range from 100 to 200 nm (prefera- 
bly from 130 to 1 70 nm) may be chosen. Other types of 
insulation films may be used as long as silicon is 
included therein. The protective film 303 is provided to 
prevent direct exposure of the crystalline silicon film to 

45 plasma during doping with an impurity and to enable 
delicate density control. 

[0051] Resist masks 304a through 304c are formed 
on the protective film to allow doping with an impurity 
element that provides n-type conductivity (hereinafter 

50 referred to as "n-type impurity element") through the 
protective film 303. As the n-type impurity element, an 
element belonging to the group V, typically, phospho- 
rous or arsenic may be used. In the present embodi- 
ment, phosphorous is added in a density of 1 X 10 18 

55 atoms/cm 3 using a plasma doping process in which 
phosphine (PH 3 ) is plasma-excited without performing 
mass separation on the same. It is obviously possible to 
use an ion implantation process which involves mass 
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separation. 

[0052] The dose is adjusted such that n-type impu- 
rity regions 305 through 307 formed at this step include 
the n-type impurity element in a density in the range 
from 2 X 10 16 to 5 X 10 19 atoms/cm 3 (typically, from 5 X 
1 0 17 to 5 X 10 18 atoms/cm 3 ). The n-type impurity region 
306 corresponds to the capacitor forming semiconduc- 
tor region 23 shown in Fig. 1. 

[0053] Next, as shown in Fig. 3C, the protective film 
303 is removed to activate the added element belonging 
to the group V. While any known technique may be used 
as means for activation, activation is carried out by 
means of illumination with excimer laser light. Obvi- 
ously, the invention is not limited to excimer laser light, 
and pulse-oscillated or continuously oscillated laser 
light may be used. Since the purpose is to activate the 
added impurity element, illumination is preferably car- 
ried out with an energy at which the crystalline silicon 
film is not melted. The illumination with laser light may 
be carried out with the protective film 303 unremoved. 
[0054] When the impurity element is illuminated 
with laser light, activation may be simultaneously per- 
formed using furnace annealing or lamp annealing. 
Referring to activation using furnace annealing, a ther- 
mal process at a temperature in the range from 450 to 
550°C can be carried out taking the heat-resistance of 
the substrate into consideration. The activation may be 
carried out using only furnace annealing or lamp 
annealing. 

[0055] As a result of this step, the edges of the n- 
type impurity regions 305 through 307, i.e., the bounda- 
ries (bonding portions) between the n-type impurity 
regions 305 through 307 and the regions around the 
same which are not doped with the n-type impurity ele- 
ment becomes clear. Therefore, very preferable bond- 
ing portions can be formed between the LDD regions 
and the channel forming region when the TFT is com- 
pleted later. 

[0056] Next, as shown in Fig. 3D, unnecessary por- 
tions of the crystalline silicon film are removed to form 
island-shaped semiconductor films (hereinafter referred 
to as "active layers") 308 through 31 1 . 
[0057] Next, as shown in Fig. 3E, a gate insulation 
film 312 is formed to cover the active layers 308 through 
311. An insulation film including silicon with a thickness 
in the range from 10 to 200 nm (preferably in the range 
from 50 to 150 nm) may be used as the gate insulation 
film 312. This film may have either of single-layer or 
multi-layer structures. In the present embodiment, a 1 10 
nm thick silicon oxinitride film is used, 
[0058] Next, a conductive film having a thickness in 
the range from 200 to 400 nm is formed and patterned 
to form gate electrodes 313 through 317 and a capacitor 
forming electrode 318. While a gate electrode and a 
gate line may be described as separate elements in this 
specification, the gate electrode may be regarded as 
being included in the gate line because the portion to 
serve as an electrode is called "gate electrode" only for 



convenience. This equally applies to the capacitor form- 
ing electrode, and the portion of the same which is not 
serving as an electrode may be referred to "capacitor 
forming line". 

5 [0059] While the gate electrode may be constituted 
by single-layer conductive films, multi-layer films such 
as double-layer or triple-layer structures are preferably 
used as needed. Any known conductive film may be 
used as the material for the gate electrodes. 
10 [0060] Specifically, it is possible to use thin films 
including tantalum (Ta), titanium (Ti), molybdenum 
(Mo), tungsten (W), chromium (Cr) or conductive silicon 
(Si) or thin films which are nitrides of the same (typically 
tantalum nitride films, tungsten nitride films or titanium 

15 nitride films) or alloy films which are combinations of the 
above elements (typically Mo-W alloys or Mo-Ta alloys) 
or silicide films including the above elements (typically 
tungsten silicide films or titanium silicide films). Such 
films may be used in either of single-layer and multi- 

20 layer structures. 

[0061] In the present embodiment, multi-layer films 
formed by a 50 nm thick tantalum nitride (TaN) film and 
350 nm thick Ta film are used. They may be formed 
using a sputtering process. An inert gas such as Xe, Ne 

25 or the like may be used as the sputtering gas to prevent 
the films from coming off due to stress. 
[0062] At this time, the gate electrodes 31 4 and 31 7 
are formed such that they overlap a pan of the n-type 
impurity regions 305 and 307 respectively with the gate 

30 insulation film 312 interposed. Such overlaps become 
LDD regions which overlap the gate electrodes later. 
While the gate electrodes 315 and 316 look like two 
separate elements in the section, in practice, they are 
constituted by a single continuous pattern. 

35 [0063] A capacitor forming electrode 318 is formed 
on the n-type impurity region 306 with the gate insula- 
tion film 312 interposed. At this time, the insulation film 
provided as the gate insulation film 312 is used here as 
a dielectric body for a storage capacitor to form a stor- 

40 age capacitor constituted by the n-type impurity region 
(capacitor forming semiconductor region) 306, gate 
insulation film 312 and capacitor forming electrode 318. 
[0064] Next, as shown in Fig. 4A r an n-type impurity 
element (which is phosphorous in the present embodi- 

45 ment) is added in a self-aligning mariner using the gate 
electrodes 313 through 317 and capacitor forming elec- 
trode 318 as masks. An adjustment is performed such 
that resultant impurity regions 319 through 325 are 
doped with phosphorous in a density in the range from 

so 1/2 to 1/10 (typically from 1/3 to 1/4) of that in the n-type 
impurity regions 305 through 307. Specifically, a density 
in the range from 1 X 10 16 to 5 X 10 18 atoms/cm 3 (typi- 
cally from 3 X 10 17 to 3 X 10 18 atoms/cm 3 is preferable. 
[0065] Next, as shown in Fig. 4B, resist masks 326a 

55 through 326c are formed to cover the gate electrodes 
and the like, and an n-type impurity element (which is 
phosphorous in the present embodiment) is added to 
form impurity regions 327 through 334 heavily doped 
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with phosphorous. An ion doping process utilizing phos- 
phine (PH 3 ) is performed again, and the density of 
phosphorous in those regions is adjusted such that it is 
within the range from 1 X 10 20 to 1 X 10 21 atoms/cm 3 
(typically from 2 X 10 20 to 5 X 10 21 atoms/cm 3 ). 
[0066] While this step forms the source regions or 
drain regions of the n-channel type TFTs, a part of the 
n-type impurity regions 322 through 324 formed at the 
step shown in Fig. 4A is left for the switching TFT. Such 
residual regions correspond to the LDD regions 15a 
through 15d of the switching TFT in Fig. 1 . 
[0067] Next, as shown in Fig. 4C, the resist masks 
326a through 326c are removed to form a new resist 
mask 325. A p-type impurity element (which is boron in 
the present embodiment) is added to form impurity 
regions 336 and 337 heavily doped with boron. An ion 
doping process utilizing diborane (B 2 H 2 ) is performed 
here to add boron in a density within the range from 3 X 
10 20 to 3 X 10 21 atoms/cm 3 (typically from 5 X 10 20 to 1 
X 10 21 atoms/cm 3 ). 

[0068] While the impurity regions 319 and 320 have 
already been doped with phosphorous in a density 
within the range from 1 X 10 20 to 1 X 10 21 atoms/cm 3 , 
boron is added here in a density which is at least three 
times the same density. As a result, the previously 
formed n-type impurity regions are completely inverted 
into the p-type to serve as p-type impurity regions. 
[0069] Next, as shown in Fig. 4D, a first layer insula- 
tion film 338 is formed after removing the resist mask 
325. The first layer insulation film 338 may be a single- 
layer insulation film including silicon or a multi-layer film 
which is a combination of insulation films including sili- 
con. The thickness of the film may range from 400 nm to 
1 .5 urn. The present embodiment employs a structure in 
which a 800 nm thick silicon oxide film is formed on a 
200 nm thick silicon oxinitride film. 
[0070] Thereafter, the n-type or p-type impurity ele- 
ment added in the respective density is activated. The 
means for annealing may be furnace annealing, laser 
annealing or lamp annealing. In the present embodi- 
ment, a thermal process at 550°C is performed for four 
hours in a nitrogen atmosphere in an electrically heated 
furnace. 

[0071] Hydrogenation is further carried out by per- 
forming a thermal process at a temperature in the range 
from 300 to 450°C for duration in the range from one to 
twelve hours in an atmosphere including 3 to 100 % 
hydrogen. This is a step to terminate dangling bonds in 
the semiconductor film with thermally excited hydrogen. 
Plasma hydrogenation (which utilizes plasma-excited 
hydrogen) may be carried out as another means for 
hydrogenation. 

[0072] The hydrogenation process may be included 
in the formation of the first layer insulation film 338. Spe- 
cifically, the above-described hydrogenation process 
may be performed after the 200 nm thick silicon oxini- 
tride film is formed, which is followed by the formation of 
the 800 nm thick silicon. 



[0073] Next, as shown in Fig. 5A, contact holes are 
formed in the first layer insulation film 338 to form 
source lines 339 through 342, drain lines 343 through 
345 and a connection line 346. In the present embodi- 
5 ment, these lines are in the form of a multi-layer film 
having a three-layer structure provided by continuously 
forming a 100 nm thick Ti film, a 300 nm thick aluminum 
film including Ti and 1 50 nm thick Ti film using a sputter- 
ing process. 

10 [0074] Next, a passivation film 347 is formed to a 
thickness in the range from 50 to 500 nm (typically from 
200 to 300 nm). In the present embodiment, a silicon 
oxinitride film having a thickness of 300 nm is used as 
the passivation film 347. 

15 [0075] At this time, it is advantageous to perform a 
plasma process utilizing a gas including oxygen such as 
H 2 and NH 3 prior to the formation of the silicon oxinitride 
film. Hydrogen excited by this pre-process is supplied to 
the first layer insulation film 338, and a thermal process 

20 is performed to improve the quality of the passivation 
film 347. Simultaneously, the active layer can be effec- 
tively hydrogenated because the hydrogen added to the 
first layer insulation film 338 spreads toward underlying 
layers. 

25 [0076] Next, as shown in Fig. 5B, a color filter 348 
and a fluorescent body 349 are formed. Known materi- 
als may be used for them. They may be patterned sep- 
arately or may alternatively continuously formed and 
patterned simultaneously. The thickness of each of 

30 them may be chosen within the range from 0.5 to 5 jim 
(typically from 1 to 2 u.m). Especially, the optimum thick- 
ness of the fluorescent body varies depending on the 
material used. Specifically, a too small thickness will 
reduce color conversion efficiency, and a too large thick- 

35 ness will result in a large step and reduce the quantity of 
light transmitted thereby. Therefore, the optimum thick- 
ness must be determined as a tradeoff between those 
characteristics. 

[0077] While the present embodiment has referred 
40 to the method for color display in which light emitted by 
the EL layer is subjected to color conversion, the color 
filter and fluorescent body may be omitted when a 
method is employed in which an EL layer is fabricated in 
association with each of R, G and B. 
45 [0078] A second layer insulation film 350 made of 
organic resin is then formed. Polyimide, polyamide, 
acrylic resin or BCB (benzocyclobutene) may be used 
as the organic resin. Especially, acrylic resin having 
excellent planarity is preferred because the second 
so layer insulation film is primarily intended for planariza- 
tion. In the present embodiment, it is formed of acrylic 
resin with a thickness that allows any step between the 
color filter 348 and fluorescent body 349 to be 
planarized. 

55 [0079] Next, a contact hole is formed in the second 
layer insulation film 350 and passivation film 347 down 
to the drain line 345 to form a pixel electrode 351 . In the 
present embodiment, a conductive film made of a com- 
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pound of indium oxide and tin oxide (ITO film) is formed 
to a thickness of 110 nm and is patterned into a pixel 
electrode. This pixel electrode serves as the anode of 
an EL element. 

[0080] Next, as shown in Fig. 5C, an EL layer 352, 
a cathode (MgAg electrode) 353 and a protective elec- 
trode 354 are continuously formed without exposing 
them to the atmosphere. Any known material may be 
used for the EL layer 352. Known materials include 
organic materials, and it is preferable to use an organic 
material when the driving voltage is taken into consider- 
ation. In the present embodiment, the EL layer is consti- 
tuted by a four-layer structure formed by a hole injection 
layer, a hole transport layer, an emission layer and an 
electron injection layer. While an MgAg electrode is 
used as the cathode of an EL element in the present 
embodiment, any other known material may be used. 
[0081] The protective film 354 is provided to prevent 
deterioration of the MgAg electrode 353 and is prefera- 
bly constituted by an aluminum film (a conductive film 
including aluminum). Any other material may obviously 
be used. Since the EL layer 352 and MgAg electrode 
353 are vulnerable to moisture, continuous formation is 
preferably extended to the protective electrode 354 
without exposing them to the atmosphere in order to 
protect the EL layer from the atmosphere. 
[0082] The thickness of the EL layer 352 may be in 
the range from 800 to 200 nm (typically from 100 to 120 
nm), and the thickness of the MgAg electrode may be in 
the range from 180 to 300 nm (typically from 200 to 250 
nm). 

[0083] This completes an active matrix EL display 
having a structure as shown in Fig. 5C. In practice, it is 
further preferable to package the display with a highly 
hermetic protective film (a laminate film or the like) to 
prevent it from being exposed to the atmosphere. In 
doing so, the reliability of the EL layer is improved by 
introducing an inert atmosphere into the protective film. 
[0084] After performing the packaging process to 
improve hermetic properties, a connector (flexible 
printed circuit: FPC) for connecting a terminal coming 
from the elements or circuits formed on the substrate 
and an external signal terminal is attached to compete 
the display as a product. An EL display in such a state is 
referred to as "EL module" in the present specification. 
[0085] The active matrix EL display of the present 
embodiment has very high reliability and can exhibit 
improved operating characteristics because TFTs with 
optimum structures are provided in the driving circuit 
portions and the pixel portion. 

[0086] A TFT having a structure to reduce hot car- 
rier injection is used as an n-channel type TFT 205 of a 
CMOS circuit forming a part of a driving circuit. Driving 
circuits in this context include shift registers, buffers, 
level shifters, sampling circuits (sample-and-hold cir- 
cuits) and the like. D-A converters or latches are further 
included when digital driving is performed. 
[0087] In the present embodiment, as shown in Fig. 



5C, the active layer of the n-channel type TFT 205 
includes a source region 355, a drain region 356, an 
LDD region 357 and a channel forming region 358, and 
the LDD region 357 overlaps the gate electrode 314 

5 with the gate insulation film 312 interposed. 

[0088] The LDD region is formed only on the side of 
the drain region in order to avoid any reduction of the 
operating speed. In the case of the n-channel type TFT 
205, the operating speed is of greater importance and 

w the off-current is a not so serious concern. Therefore, 
the LDD region 357 is preferably overlapped with the 
gate electrode completely to minimize resistive compo- 
nents. That is, the so-called offset is preferably elimi- 
nated. 

15 [0089] There is no particular need for providing an 
LDD region in the p-channel type TFT 206 in the CMOS 
circuit for which there is substantially no concern about 
deterioration attributable to hot carrier injection. The 
active layer therefore includes a source region 359, a 

20 drain region 360 and a channel forming region 361. 
Obviously, an LDD region may be provided just as in the 
n-channel type TFT 205 to cope with hot carriers. 
[0090] A sampling circuit is somewhat different from 
other driving circuits in that there is a bidirectional flow 

25 of a high current through the channel forming region. 
That is, the functions of the source and drain regions 
are switched. Further, there is a need for minimizing the 
off-current and, for this reason, it is therefore preferable 
to provide it with a TFT having function that is interme- 

30 diate between those of switching and current control 
TFTs. 

[0091] Therefore, an n-channel type TFT to form a 
sampling circuit preferably has a structure as shown in 
Fig. 8. As shown in Fig. 8, a part of LDD regions 71a 

35 and 71b overlap a gate electrode 73 with a gate insula- 
tion film 72 interposed. This results in the effect as 
described above with reference to the current control 
TFT 202, and the structure for a sampling circuit is dif- 
ferent only in that a channel forming region 74 is sand- 

40 wiched. 

[0092] Pixels having a structure as shown in Fig. 1 
are provided to form a pixel portion. The structures of 
switching and current control TFTs formed in a pixel will 
not be described here because they have already been 
45 described with reference to Fig. 1 . 

[Embodiment 2] 

[0093] The present embodiment will refer to a case 
so in which a pixel portion of an active matrix EL display 
has a structure different from that shown in Fig. 1 . 
[0094] Fig. 6A shows an example of a structure of a 
switching TFT different from that shown in Fig. 1 . A cur- 
rent control TFT 202, storage capacitor 203 and EL ele- 
55 ment 204 shown in Fig. 6A will not be described 
because they have completely the same structures as 
those in the first embodiment. The switching TFT is 
given new reference numbers only in parts where it is 
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necessary, and the description for Fig. 1 will be used as 
it is for the remaining parts. 

[0095] The switching TFT 201 shown in Fig. 1 and 
the switching TFT 207 shown In Fig. 6A are different in 
the positions where the LDD regions are formed. While 
the LDD regions 15a through 15d in Fig. 1 are formed 
such that they do not overlap the gate electrodes 19a 
and 19b, the LDD regions of the present embodiment 
are formed such that they partially overlap gate elec- 
trodes. 

[0096] Specifically, as shown in Fig. 6A t a part of 
LDD regions 50a through 50d of the switching TFT 207 
overlaps gate electrodes 51a and 51b with a gate insu- 
lation film interposed. In other words, the LDD regions 
50a through 50d have areas which overlap the gate 
electrodes 51a and 51b with a gate insulation film inter- 
posed. 

[0097] This makes it possible to minimize the off- 
current and to prevent deterioration attributable to hot 
carrier injection. Since a parasitic capacitance is gener- 
ated between the gate electrodes and LDD regions, the 
operating speed may be somewhat lower than that of 
the structure in Fig. 1. However, a switching TFT with 
high reliability can be formed if attention is paid during 
designing. 

[0098] Fig. 6B shows an example of a structure of a 
current control TFT different from that shown in Fig. 1 . A 
switching TFT 201 , storage capacitor 203 and EL ele- 
ment 204 shown in Fig. 6B will not be described 
because they have completely the same structures as 
those in the first embodiment. The current control TFT is 
given new reference numbers only in parts where it is 
necessary, and the description for Fig. 1 will be used as 
it is for the remaining parts. 

[0099] The current control TFT 202 shown in Fig. 1 
and the current control TFT 208 shown in Fig. 6B are 
different in the position where the LDD region is formed. 
While the LDD regions 33 in Fig. 1 is formed such that it 
partially overlaps the gate electrode 35, the LDD region 
of the present embodiment is formed such that it par- 
tially overlaps a gate electrode. 

[0100] Specifically, as shown in Fig. 6B, an LDD 
region 52 of the current control TFT 208 completely 
overlaps a gate electrode 53 with a gate insulation film 
interposed. In other words, the LDD region 52 does not 
have any area which does not overlap the gate elec- 
trode 53. 

[0101] When the lowest voltage of a video (image) 
signal is applied to the gate of the current control TFT, 
the EL element emits light if the off-current is not suffi- 
ciently low, which results in a reduction of contrast. In 
the structure in Fig. 1, an LDD region which does not 
overlap the gate electrode is provided in order to reduce 
the off-current at that time. 

[0102] However, since the LDD region which does 
not overlap the gate electrode acts as a resistive com- 
ponent, some reduction of the operating speed and on- 
current occurs. Therefore, the structure of the present 



embodiment wherein such a region is not provided 
makes it possible to eliminate such a resistive compo- 
nent, which allows a higher current to flow. In this case, 
however, a TFT must be used which exhibits a suffi- 
5 ciently low off-current when the lowest voltage of a 
video (image) signal is applied to the gate of the current 
control TFT. 

[0103] The switching TFT 207 in Fig. 6A and the 
current control TFT in Fig. 6B may be used in combina- 
10 tion. The first embodiment 1 may be referred to for steps 
for fabricating them. 

[Embodiment 3] 

15 [0104] Fig. 7 shows an example of a pixel configu- 
ration according to the present embodiment which is dif- 
ferent from that shown in Fig. 2B. 
[0105] In the present embodiment, two pixels as 
shown in Fig. 2B are provided such that they are sym- 

20 metric about a current source line 212 for supplying a 
ground potential. Specifically, as shown in Fig. 7, the 
current supply line 212 is shard by the two pixels adja- 
cent thereto, which reduces the number of lines 
required. The structures of the TFTs provided in the 

25 pixel and the like may be kept unchanged. 

[0106] Such a configuration makes it possible to 
fabricate a pixel portion having higher definition, thereby 
improving image quality. The configuration according to 
the present embodiment can be easily implemented 

30 according to the fabrication steps of the first embodi- 
ment, and the TFT structure may be combined with 
those in the second embodiment. 

[Embodiment 4] 

35 

[0107] Fig. 9 shows an example of the formation of 
a pixel portion having a structure different from that in 
Fig. 1 according to the present embodiment. Steps up to 
the formation of a second layer insulation film 44 are in 

40 accordance with the first embodiment. A switching TFT 
201, a current control TFT 202 and a storage capacitor 
203 covered by the second layer insulation film 44 will 
not be described because they have the same struc- 
tures as those in Fig. 1 . 

45 [0108] In the present embodiment, a pixel electrode 
60, a cathode 61 and an EL layer 62 are formed after 
forming a contact hole in the second layer insulation film 
44. They may be provided by continuously forming 
respective materials without exposing them to the 

so atmosphere and by patterning them through simultane- 
ous etching. 

[0109] In the present embodiment, a 150 nm thick 
aluminum alloy film (an aluminum film including 1 wt% 
titanium) is provided as the pixel electrode 60. While 
55 any material may be used as the material for the pixel 
electrode as long as it is a metal material, a material 
having high reflectivity is preferred. 
[0110] A 230 nm thick MgAg electrode is used as 
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the cathode 61 , and the EL layer 62 has a thickness of 
120 nm. The material described in the first embodiment 
may be used to form the EL layer 62. 
[0111] An insutetion film including silicon is then 
formed to a thickness in the range from 200 to 500 nm 5 
(typically from 250 to 300 nm) and is patterned to form 
a protective film 63 having an opening. An anode 64 
constituted by a transparent conductive film (which is an 
ITO film in the present embodiment) is formed thereon 
to a thickness of 110 nm. Alternatively, the transparent 
conductive film may be made of a compound of indium 
oxide and zinc oxide, tin oxide, indium oxide or zinc 
oxide. They may be also used with gallium added 
thereto. 

[01 1 2] Further, a fluorescent body 65 and a color fil- 
ter 66 are formed on the anode 64 to complete a pixel 
portion as shown in Fig. 9. 

[0113] Red, green or blue light generated by the 
structure according to the present embodiment is emit- 
ted oppositely to the substrate on which the TFTs are 
formed. It is therefore possible to use the substantially 
entire area of a pixel including the area where the TFTs 
are formed as a light emitting region. This significantly 
increases the effective light-emitting area of the pixel 
and improves the brightness and contrast of images. 
[0114] The configuration according to the present 
embodiment may be used in an arbitrary combination 
with either of the configurations according to the second 
and third embodiments. 

[Embodiment 5] 

[0115] While the first embodiment utilizes laser 
crystallization as means for forming the crystalline sili- 
con film 302, the present embodiment refers to a case 
wherein different means for crystallization is used. 
[0116] In the present embodiment, after an amor- 
phous silicon film is formed, it is crystallized using the 
technique disclosed in Japanese Laid-Open patent pub- 
lication No. 7-130652. The same publication discloses a 
technique in which nickel is used as a catalytic element 
for promoting crystallization to provide a crystalline sili- 
con film having high crystallinity. 

[0117] A step of removing the catalytic element 
used for crystallization may be performed when the 45 
crystallization step is terminated. In this case, the tech- 
nique disclosed in Japanese Laid-Open patent publica- 
tion No. 10-270363 or 8-330602 may be used to getter 
the catalytic element. 

[0118] The TFTs may be formed using the tech- 50 
nique disclosed in the specification of Japanese patent 
application No. 11-076967 made by the applicant. The 
specification of Japanese patent application No. 11- 
076967 may be referred to up to the formation of TFTs, 
although it describe a storage capacitor different from 55 
that in Fig. 1 . 

[0119] The principle of the invention is to provide 
TFTs having appropriate structures depending on the 



functional requirements of elements as described in the 
first embodiment with reference to Fig. 1 , but the inven- 
tion is not limited to the described method for fabrica- 
tion. Specifically, the fabrication steps described in the 
first embodiment are merely an example, and other fab- 
rication steps may be used without any problem as long 
as they can provide the structure in Fig. 1 or Fig. 5C 
according to the first embodiment. 
[0120] When the structure in Fig. 1 or Fig. 5C is 
combined with the structure according to any of the sec- 
ond through fourth embodiments, the fabrication steps 
described in the present embodiment may be combined 
with the fabrication of such a structure. 

[Embodiment 6] 

[0121] A step of etching the gate insulation film 312 
may be added between the steps shown in Figs. 4A and 
4B according to the first embodiment. Specifically, the 
gate insulation film 312 is etched in a self-aligning man- 
ner using the gate electrodes 313 through 317 and the 
capacitor forming electrode 318 as masks after an n- 
type impurity element is added as shown in Fig. 4A. 
This etching is continued until the active layer is 
exposed. 

[0122] In the present embodiment, dry etching is 
performed using CHF 3 gas as the etching gas because 
the gate insulation film used in the first embodiment is a 
silicon oxinitride film. Obviously, there is no limitation on 
other etching conditions. 

[0123] A step of doping the exposed active layer 
with an n-type impurity element is then performed as 
shown in Fig. 4B. The process at this step can be per- 
formed in a very short time because phosphorous is 
directly added to the active layer without intervention of 
the gate insulation film. Further, since the low accelera- 
tion speed during doping can be low, damage to the 
active layer can be reduced. 

[0124] Thereafter, the steps in the first embodiment 
may be followed to complete an EL display. The config- 
uration according to the present embodiment may be 
implemented in an arbitrary combination with the com- 
bination according to any of the first through fifth 
embodiments. 

[Embodiment 7] 

[0125] The present embodiment will refer to an 
active matrix EL display in which pixels having a struc- 
ture different from that in the first embodiment are 
formed. 

[0126] Fig. 10A shows the EL display according to 
the present embodiment in which the TFT structures 
are the same as those in the first embodiment (see Fig. 
5C). According to the present embodiment, a pixel elec- 
trode 1001, a cathode 1002, an EL layer 1003 and an 
anode 1004 are formed, and an EL element 1000 is 
formed by the cathode 1002, EL layer 1003 and anode 
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1004. At this time, any known conductive film may be 
used as the pixel electrode 1001 . In the present embod- 
iment, an MgAg film is used as the cathode 1002, and a 
transparent conductive film obtained by adding gallium 
oxide to zinc oxide is used as the anode 1004. The EL 5 
Layer 1003 may be formed by combining known materi- 
als. 

[0127] The present embodiment is characterized in 
that a recess formed in a contact portion of the pixel 
electrode 1001 (a portion where the pixel electrode 10 
1001 and the current control TFT 202 are connected) is 
filled with an insulator 1005 and in that edges of the 
pixel electrode 1001 are covered with an insulator 1006. 
[0128] The insulator 1005 prevents any defect of 
the coating of the EL layer attributable to a step by filling 15 
the recess. When a contact hole formed in the second 
layer insulation film 350 is deep (which results in a large 
step), defects can occur in the coating of the EL layer to 
cause shorting between the cathode 1002 and anode 
1004. The present embodiment is characterized in that 20 
the recess is filled with the insulator 1 005 to prevent any 
defects in the coating of the EL layer. 
[0129] Further, since a step is similarly formed at 
the edges of the pixel electrode 1001 in a size corre- 
sponding to the thickness of the pixel electrode 1001, 25 
the insulator 1006 is formed for the same reason as for 
the insulator 1005. This makes it possible to reliably pre- 
vent shorting between the cathode 1002 and anode 
1004 at the edges of the pixel electrode 1001. Another 
purpose of the insulator 1006 is to prevent concentra- 30 
tion of electrical fields in the EL layer 1003 because 
concentration of electrical fields is likely to occur at the 
edges of the pixel electrode 1001 to promote deteriora- 
tion of the EL layer 1003. 

[0130] Fig. 10B shows an example of a structure in 35 
which no LDD region is formed in the active layer of a 
current control TFT. Such a structure is possible 
because there is substantially no concern about deteri- 
oration attributable to hot carrier injection when the volt- 
age applied to the EL element falls to 10 V or less or, 40 
more preferably, to 5V or less. In the structure shown in 
Fig. 10B, the active layer of the current control TFT is 
formed by a source region 1010, a drain region 1011 
and a channel forming region 1012. 

[0131] The configuration according to the present 45 
embodiment may be used in an arbitrary combination 
with the configuration according to any of the first 
through sixth embodiments. 

[Embodiment 8] 50 

[0132] The driving of an EL display according to the 
invention can be carried out on an analog basis using 
an analog signal as an image signal or on a digital basis 
using a digital signal. 55 
[0133] In the case of analog driving, an analog sig- 
nal is transmitted to the source line of the switching TFT, 
and the analog signal including gray scale information 



constitutes the gate voltage of the current control TFT. 
The current control TFT controls the current that flows 
through the EL element to control the intensity of the 
emission of the EL element, thereby allowing gray scale 
display. 

[0134] In the case of digital driving, gray scale dis- 
play referred to as "time-division driving" is performed 
unlike the gray scale display on an analog basis. Specif- 
ically, the emitting time is adjusted to provide visual 
appearance that seems like changes in color gradation. 
[0135] An EL element can be driven at a high speed 
because it has a response speed which is much higher 
than that of a liquid crystal element. Therefore, it can be 
regarded as an element suitable for time-division driving 
in which a single frame is divided into a plurality of sub- 
frames to allow gray scale display. 
[0136] Any driving method may be used because 
the present invention is a technique relating to element 
structures as described above. 

[Embodiment 9] 

[0137] While an organic EL material is preferably 
used for the EL layer in the first embodiment, the 
present invention may be implemented using an inor- 
ganic EL material. However, since driving voltages for 
currently available inorganic EL materials are very high, 
TFTs having voltage withstand characteristics that 
accommodate such driving voltages must be used in 
the case of analog driving. 

[0138] It will be possible to apply the present inven- 
tion to inorganic EL materials driven at lower voltages 
which will possibly be developed in the future. 
[0139] The configuration according to the present 
embodiment may be freely combined with the configu- 
ration according to any of the first through seventh 
embodiments. 

[Embodiment 10] 

[0140] The external view of an EL display device of 
the present invention is described. Note that Fig. 1 1 A is 
a top view of the EL display device of the present inven- 
tion, and Fig. 11B is a cross sectional view thereof. 
[0141] In Fig. 11 A, reference numeral 4001 is a 
substrate, 4002 is a pixel section, 4003 is a source side 
driver circuit, and 4004 is a gate side driver circuit; each 
driver circuit reaches to a FPC 4006 through wiring 
4005, and then connected to the external machines. 
[0142] A first sealing material 4101, a cover mate- 
rial 4102, fillings 4103 and a second sealing material 
4104 are disposed here so as to cover the pixel section 
4002, source side driver circuit 4003 and gate side 
driver circuit 4004. 

[0143] Fig. 11B corresponds to a cross section at 
line A-A' of Fig. 1 1 A, and a driver circuit 4201 (note that 
an n-channel TFT and a p-channel TFT is formed here) 
which comprises the source side driver circuit 4003 and 
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a current controlling TFT 4202 which comprises the 
pixel section 4002 are formed over a substrate 4001 . 
[0144] A TFT having the same structure as the n- 
channel TFT 205 and the p-channel TFT 206 of Fig. 5C 
is used for the driver TFT 4201, and a TFT having the s 
same structure as the n-channel TFT 202 of Fig. 1 is 
used for the current controlling TFT 4202 in the present 
embodiment. Further, a storage capacitor (not shown in 
the Figure) connected to the gate of the current control- 
ling TFT 4202 is provided in the pixel section 4002. 10 
[0145] An interlayer insulating film (flattening film) 
4301 comprising a resin material is formed over the 
driver TFT 4201 and the pixel TFT 4202, and a pixel 
electrode (cathode) 4302 is formed thereon which elec- 
trically connects to the drain of pixel TFT 4202. A con- 75 
ductive film having a small work function is used for the 
pixel electrode 4302. A conductive film comprising an 
element that belongs to group 1 or 2 of periodic table 
(typically a conductive film of aluminum, copper or silver 
that includes alkali metal element or alkaline earth 20 
metal) can be used. 

[0146] An insulating film 4303 is formed over the 
pixel electrode 4302, and an opening section is formed 
in the insulating film 4303 on the pixel electrode 4302. 
An EL (electro-luminescence) layer 4304 is formed over 25 
the pixel electrode 4302 at this opening section. A pub- 
licly known organic EL material or inorganic EL material 
can be used for the EL layer 4304. Further, though there 
are small molecular type (monomer type) material and 
polymer material among the organic EL materials, 30 
either may be used. 

[0147] A technique of public domain such as evap- 
oration technique or coating technique may be utilized 
for the manufacturing method of the EL layer 4304. The 
structure of the EL layer may be a laminate structure or 35 
a single layer structure, in which hole injection layer, 
hole transport layer, light emitting layer, electron trans- 
port layer or electron injection layer are freely combined. 
[0148] An anode 4305 comprising a transparent 
conductive film is formed over the EL layer 4304. A com- 40 
pound of indium oxide and tin oxide, a compound of 
indium oxide and zinc oxide, indium oxide, tin oxide, zinc 
oxide or a compound added with gallium in these com- 
pounds, can be used for the transparent conductive film. 
[0149] It is preferable to remove as much as possi- 45 
ble of the moisture and oxygen existing in the interface 
between the anode 4305 and the EL layer 4304. It is 
therefore necessary to take measures such as deposit- 
ing the two continuously inside a vacuum, or forming the 
EL layer 4304 in nitrogen or noble gas atmosphere and so 
then forming the anode 4305 without exposure to oxy- 
gen and the moisture. It is possible to perform the above 
film deposition in the present embodiment by using a 
multi-chamber system (cluster tool system) deposition 
apparatus. 55 
[0150] The anode 4305 is then electrically con- 
nected to the wiring 4005 in a region denoted as 4306. 
The wiring 4005 is a wiring for applying a preset voltage 



to the anode 4305, and electrically connected to FPC 
4006 through an anisotropic conductive film 4307. 
[0151] An EL element comprising pixel electrode 
(cathode) 4302, EL layer 4303 and anode 4305 is thus 
formed. This EL element is covered by a first sealing 
material 4101 and covering material 4102 which is stuck 
to the substrate 4001 by the first sealing material 4101, 
and sealed by fillings 4103. 

[0152] A glass material or a plastic materia! (includ- 
ing plastic film) can be used for the covering material 
4102. FRP (fiberglass-reinforced plastics) plate, PVF 
(poly vinyl fluoride) film, Myler film, polyester film or 
acrylic resin film can be used for the plastic material. 
[0153] A ultraviolet-ray curing resin or a thermoset- 
ting resin can be used for the fillings 4103, and PVD 
(poly vinyl chloride), acrylic, polyimide, epoxy resin, sili- 
cone resin, PVB (polyvinyl butyral) or EVA (ethylene 
vinyl acetate) can be used. The degradation of EL ele- 
ments can be prevented when a drying agent (prefera- 
bly barium oxide) is provided on the inside of the fillings 
4103. 

[0154] Further, spacers may be contained in the fill- 
ings 4103. In this case it is possible to give moisture 
absorption property to the spacer itself when the spac- 
ers are formed from barium oxide. Further when spac- 
ers are disposed it is effective to provide a resin film 
over the anode 4305 as a buffer layer which relieves the 
pressure from the spacers. 

[01 55] Further, wiring 4005 is electrically connected 
to the FPC 4006 by interposing anisotropic conductive 
film 4307. The wiring 4005 transmits to FPC 4006, sig- 
nal sent to pixel section 4002, source side driver circuit 
4003 and gate side driver circuit 4004, and is electrically 
connected to an external machine through the FPC 
4006. 

[0156] In the present embodiment a second sealing 
material 4104 is disposed to cover the exposed portion 
of the first sealing material 4101 and a part of FPC 4006 
which is a structure to thoroughly shut the EL elements 
from the external atmosphere. In this way an EL display 
device having the cross sectional structure of Fig. 11B 
is formed. Note that it is acceptable to fabricate the EL 
display device of the present embodiment by combining 
any constitution of the Embodiments 1 to 9. 

[Embodiment 11] 

[0157] The present embodiment shows in Figs. 12A 
to 12C an example of pixel structure of the EL display 
device of the present invention. Note that in this embod- 
iment, reference numeral 4601 denotes a source wiring 
of a switching TFT 4602; 4603, gate wirings of the 
switching TFT 4602; 4604, a current controlling TFT; 
4605, a capacitor; 4606 and 4608, electric current sup- 
ply line; and 4607, an EL element. 
[01 58] Fig. 1 2A shows an example in which the cur- 
rent supply line 4606 is shared by two pixels. In other 
words, this example is characterized in that two pixels 
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are formed so as to be axisymmetric with respect to the 
current supply line 4606. In this case, the number of cur- 
rent supply lines can be reduced, further enhancing the 
definition of the pixel section. 

[0159] Fig. 12B shows an example in which the cur- 5 
rent supply line 4608 is arranged in parallel with the 
gate wirings 4603. Though the current supply line 4608 
is arranged so as not to overlap with the gate wirings 
4603 in Fig. 12B, the two can overlap with each other 
through an insulating film if the lines are formed in differ- 10 
ent layers. In this case, the current supply line 4608 and 
the gate wirings 4603 can share their occupying area, 
further enhancing the definition of the pixel section. 
[0160] Fig. 12C is characterized in that the current 
supply line 4608 is arranged, similar to the structure in is 
Fig. 12B, in parallel with the gate wirings 4603 and, fur- 
ther, two pixels are formed to be axisymmetric with 
respect to the current supply line 4608. It is also effec- 
tive to arrange the current supply line 4608 so as to 
overlap with one of the gate wirings 4603. In this case, 20 
the number of current supply lines can be reduced, fur- 
ther enhancing the definition of the pixel section. 
[0161] Note that it is possible to freely combine the 
constitution of the present embodiment with any of the 
constitution of the Embodiments 1 to 10. 25 

[Embodiment 1 3] 

[0162] In the present embodiment examples of pixel 
structures of EL display devices are shown in Figs. 13A 30 
and 13B. Note that in the present embodiment refer- 
ence numeral 4701 is a source wiring of switching TFT 
4702; 4703, gate wiring of switching TFT 4702: 4704, 
current control TFT; 4705, capacitor (can be omitted); 
4706, current supply line; 4707, power source control 35 
TFT; 4708, gate wiring for power source control; and 
4709, EL element. Japanese Patent Application No. 11- 
341272 may be referred as to operation of power source 
control TFT 4707. 

[0163] Further, though the present embodiment 40 
provides the power source control TFT 4707 between 
current control TFT 4704 and EL element 4708, it may 
be a structure in which current control TFT 4704 is pro- 
vided between power source control TFT 4707 and EL 
element 4708. Moreover, it is preferable to form the 45 
power source control TFT 4707 in the same structure as 
the current control TFT 4704, or formed connected in 
series by the same active layer. 

[0164] Fig. 13A is an example of a case in which 
current supply line 4706 is shared between 2 pixels, so 
Namely it is characterized in that 2 pixels are formed 
axisymmetric around the current supply line 4706. In 
this case, because the number of current supply lines 
can be reduced, pixel section can be further made into 
high definition. 55 
[0165] Fig. 13B is an example of a case in which 
current supply line 4710 is provided in parallel with the 
gate wiring 4703 and power supply control gate wiring 



471 1 is provided in parallel with the source wiring 4701 . 
Though the current supply line 4710 and gate wiring 
4703 are provided so as not to overlap in Fig. 13B, 
these can be provided to overlap by interposing an insu- 
lating film if these are wirings formed in different layers. 
In this case, the area used exclusively by the current 
supply line 4710 and the gate wiring 4703 can be 
shared, so the pixel section can be made even higher 
definition. 

[0166] Note that it is possible to freely combine the 
constitutions of the present embodiment with any con- 
stitution of Embodiments 1 to 10. 

[Embodiment 14] 

[0167] This embodiment gives a description with 
reference to Figs. 14A and 14B on an example of the 
pixel structure for the EL display device of the present 
invention. In this embodiment, reference numeral 4801 
denotes a source wiring of a switching TFT 4802; 4803, 
a gate wiring of the switching TFT 4802; 4804, a current 
controlling TFT; 4805, a capacitor (can be omitted); 
4806, a current supply line; 4807, an erasing TFT; 4808, 
an erasing gate electrode; and 4809, an EL element. 
Japanese Patent Application No. 11-338786 may be 
referred for the operation of the erasing TFT 4807. 
[0168] A drain of the erasing TFT 4807 is con- 
nected to a gate of the current controlling TFT 4804 so 
that the gate voltage of the current controlling TFT 4804 
can forcibly be changed. The erasing TFT 4807 may be 
either of N channel type or of P channel type, but prefer- 
ably has the same structure as the switching TFT 4802 
to reduce the OFF current. 

[0169] Fig. 14A shows an example in which two pix- 
els share the current supply line 4806. That is, the 
example is characterized in that two pixels are formed 
such that they are axisymmetric with respect to the cur- 
rent supply line 4806. In this case, the number of current 
supply lines can be reduced to obtain even higher defi- 
nition for the pixel portion. 

[0170] Fig. 14B shows an example in which a cur- 
rent supply line 4810 is formed in parallel with the gate 
wiring 4803 and an erasing gate wiring 481 1 is formed 
in parallel with the source wiring 4801 . The current sup- 
ply line 4810 and the gate wiring 4803 are formed so as 
not to overlap with each other in Fig. 14B. However, they 
may overlap with each other through an insulating film 
as long as the two are wirings formed in different layers. 
In this case, the current supply line 4810 and the gate 
wiring 4803 share their occupied areas to obtain even 
higher definition for the pixel section. 
[0171] Note that it is possible to freely combine the 
constitution of the present embodiment with any consti- 
tution of Embodiments 1 to 10. 

[Embodiment 15] 

[0172] An EL display device according to the 
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present invention may have any number of TFTs in a 
pixel. Though shown in Embodiments 13 and 14 are 
examples in each of which 3 TFTs are formed in a pixel, 
4 to 6 TFTs may be provided. The present invention can 
be carried out without putting limitation to the pixel 5 
structure of the EL display device. 
[0173] Note that it is possible to freely combine the 
constitution of the present embodiment with any of the 
constitution of Embodiments 1 to 1 0. 

10 

[Embodiment 16] 

[0174] An EL display devices formed by executing 
the present invention can be utilized for a display sec- 
tion of various electric machines. For example, a display 15 
incorporating an EL display device of the present inven- 
tion which has a diagonal 20 to 60 inches may be used 
for watching TV broadcasting etc. Note that the display 
incorporating an EL display device into the body 
includes all kinds of display for information display such 20 
as a display for personal computer, a display for receiv- 
ing TV broadcasting, a display for displaying advertise- 
ments etc. 

[0175] Following can be given as other electric 
machines of the present invention: video cameras; dig- 25 
ital cameras; goggle type displays (head mounted dis- 
plays); navigation systems: sound reproduction devices 
(car stereos, audio components etc.); notebook type 
personal computers; game machines; portable informa- 
tion terminals (mobile computers, portable telephones, 30 
portable game machines or electronic books, etc.); 
image reproduction devices (a device which incorpo- 
rates a display section displaying an image by reproduc- 
ing an image recorded in a recording medium), etc. 
Examples of these electric machines are shown in Figs. 35 
15Ato16B. 

[0176] Fig. 15A is a display which incorporates an 
EL display device into the body, and comprises a body 
2001 , supporting arm 2002 and a display section 2003. 
The EL display device of the present invention can be 40 
used for the display section 2003. Because such display 
is spontaneous light emitting type back light is not 
required and a display section thinner than a liquid crys- 
tal display can be made. 

[0177] Fig. 15B is a video camera, and comprises: as 
a main body 2101; display section 2102; a voice input 
section 2103; operation switches 2104: a battery 2105; 
and an image receiving section 2106. The EL display 
device of the present invention can be used in the dis- 
play section 2102. 50 
[0178] Fig. 15C is a part (right hand side) of head 
mounted type EL display and comprises: a main body 
2201; signal cable 2202; head mounting band 2203: a 
display section 2204; optical system 2205; and an EL 
display device 2206. The present invention can be used 55 
in the EL display device 2206. 

[0179] Fig. 15D is an image reproduction device 
(DVD reproduction device in concrete) incorporating a 



recording medium and comprises: a main body 2301: a 
recording medium (DVD etc.) 2302; operation switches 
2303: a display section (a) 2304; and a display section 
(b) 2305. The display section (a) displays mainly image 
information, and the display section (b) displays mainly 
literal information. The EL display device of the present 
invention can be used in these display sections (a) and 
(b). Note that a home use game machines etc. are 
included in the image reproduction device incorporating 
a recording medium. 

[0180] Fig. 15E is a mobile computer, and com- 
prises: a main body 2401; a camera section 2402; an 
image receiving section 2403; operation switches 2404: 
and a display section 2405. The EL display device of the 
present invention can be used in the display section 
2405. 

[0181] Fig. 15F is a personal computer and com- 
prises: a main body 2501 ; a body 2502; a display sec- 
tion 2503; and a key board 2504. The EL display device 
of the present invention can be used in the display sec- 
tion 2503. 

[0182] Note that the application to front type or rear 
type projector becomes possible by enlarging and pro- 
jecting the light comprising output image information by 
lenses and optical fibers if the luminance of the light 
emittance further improves in future. 
[0183] Since the parts where light is emitted con- 
sume electricity in the light emitting device, it is prefera- 
ble to display information so as to minimize the light 
emitting parts as possible. Accordingly, specifically in 
case of using a light emitting device in the display sec- 
tion which mainly displays literal information such as a 
portable telephone or a sound reproduction device, it is 
preferable to drive so as to form the literal information by 
light emitting pans on the background of non-light emit- 
ting parts. 

[0184] Fig. 16A is a portable telephone, and com- 
prises: a main body 2601; a voice output section 2602; 
a voice input section 2603; a display section 2604: oper- 
ation switches 2605; an antenna 2606. The EL display 
device of the present invention can be used in the dis- 
play section 2604. Note that the display section 2604 
can reduce electricity consumption of a portable tele- 
phone by displaying a white colored letters on a black 
colored background. 

[0185] Fig. 16B is a sound reproduction device, a 
car stereo in concrete, and comprises a main body 
2701 , a display section 2702, and operation switches 
2703 and 2704. The EL display device of the present 
invention can be used in the display section 2702. 
Though the present embodiment shows a car stereo for 
mounting on a vehicle, it may be used for a sound repro- 
duction device of portable type or a home use. Note that 
the display section 2702 can reduce electricity con- 
sumption of a portable telephone by displaying a white 
colored letters on a black colored background. This is 
specifically effective in a portable type sound reproduc- 
tion device. 
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[0186] As described above, the applicable range of 
the present invention is very large, and it is possible to 
apply to electric machines of various areas. Further, the 
electric machines of the present embodiment may apply 
any constitution of EL device shown in Embodiments 1 
to 15. 

Effect of the Invention 

[0187] By using this invention, it is possible to pro- 
vide TFTs having appropriate characteristics in accord- 
ance with performance required for elements on the 
same insulator, and to provide high operating perform- 
ance and reliability of the EL display device. 
[0188] Concretely, it is possible to use separately a 
TFT oriented toward high operation speed and the TFT 
oriented toward low off-current on the same insulator. 
Accordingly, in the pixel of the EL display device, the 
switching TFT can obtain sufficient lower off-current, 
and the current control TFT can also obtain the suffi- 
cient lower off current by preventing from deterioration 
attributable to injection of hot carriers. 
[0189] Furthermore, by using such an EL display 
device as a display device, it is possible to produce 
applied apparatus (electronic apparatus) having high 
durability (high quality). 

Claims 

1. An electronic device having at least one pixel, said 
pixel comprising: 

a first TFT, a second TFT and an EL element 
connected to said second TFT; 
wherein an LDD region formed in said first TFT 
does not overlap a gate electrode of said first 
TFT with a gate insulating film interposed, 
wherein the LDD region formed in said second 
TFT partially or entirely overlaps a gate elec- 
trode of said second TFT with a gate insulating 
film interposed. 

2. An electronic device according to claim 1 wherein 
said first TFT is a switching element and said sec- 
ond TFT is a current control element. 

3. An electronic device according to claim 1 wherein 
an n-type impurity element is contained in the LDD 
region of said second TFT at a concentration 2 to 
10 times higher than that of the LDD region of said 
first TFT 

4. An electronic device according to claim 1 wherein 
the LDD region of said second TFT contains an n- 
type impurity element at a concentration 2 x 10 16 to 
5 x 10 19 atoms/cm 3 . 

5. An electronic device according to claim 1 wherein 



the LDD region of said first TFT contains an n-type 
impurity element at a concentration 1 x 10 16 to 5 x 
10 1 8 atoms/cm 3 . 

5 6. An electronic device according to claim 1 wherein 
said electronic device is selected from the group 
consisting of a video camera, a digital camera, a 
goggle type display, a navigation systems, a sound 
reproduction device, a note type personal compu- 
te ter, a game machine, a portable information termi- 
nal, and an image projection device. 

7. An electronic device having at least one pixel, said 
pixel comprising: 

15 

a first TFT, a second TFT and an EL element 
connected to said second TFT; 
wherein an LDD region of said first TFT par- 
tially overlaps a gate electrode of said first TFT 
20 with a gate insulation film interposed, 

wherein the LDD region of said second TFT 
partially or entirely overlaps the gate electrode 
of said second TFT with the gate insulation film 
interposed. 

25 

8. An electronic device according to claim 7 wherein 
said first TFT is a switching element and said sec- 
ond TFT is a current control element. 

30 9. An electronic device according to claim 7 wherein 
an n-type impurity element is contained in the LDD 
region of said second TFT at a concentration 2 to 
10 times higher than that of the LDD region of said 
first TFT 

35 

10. An electronic device according to claim 7 wherein 
the LDD region of said second TFT contains an n- 
type impurity element at a concentration 2 x 10 16 to 
5 x 10 19 atoms/cm 3 . 

40 

11. An electronic device according to claim 7 wherein 
the LDD region of said first TFT contains an n-type 
impurity element at a concentration 1 x 10 16 to 5 x 
10 18 atoms/cm 3 . 

45 

12. An electronic device according to claim 7 wherein 
said electronic device is selected from the group 
consisting of a video camera, a digital camera, a 
goggle type display, a navigation systems, a sound 

so reproduction device, a note type personal compu- 
ter, a game machine, a portable information termi- 
nal, and an image projection device. 

13. An electronic device having a pixel portion and a 
55 driving circuit portion formed on an insulating sur- 
face, 

said driving circuit portion comprising: 
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at least one n-channel type TFT having an 
LDD region partially or entirely overlapping 
a gate electrode with a gate insulation film 
interposed, 

5 

and 

said pixel portion comprising: 

a pixel including a first TFT, a second TFT 
and an EL element connected to said sec- 10 
ond TFT; 

wherein an LDD region of said first TFT 
does not overlap a gate electrode of said 
first TFT with a gate insulation film inter- 
posed; and 15 
wherein an LDD region of said second TFT 
partially or entirely overlaps a gate elec- 
trode of said second TFT with a gate insu- 
lation film interposed. 

20 

14. An electronic device according to claim 13 wherein 
said first TFT is a switching element and said sec- 
ond TFT is a current control element. 

15. An electronic device according to claim 13 wherein 25 
an n-type impurity element is contained in the LDD 
region of said second TFT at a concentration 2 to 

10 times higher than that of the LDD region of said 
first TFT 

30 

16. An electronic device according to claim 13 wherein 
the LDD region of said second TFT contains an n- 
type impurity element at a concentration 2 x 10 16 to 
5 x 10 19 atoms/cm 3 . 

35 

17. An electronic device according to claim 13 wherein 
the LDD region of said first TFT contains an n-type 
impurity element at a concentration 1 x 10 16 to 5 x 
10 18 atoms/cm 3 . 

40 

18. An electronic device according to claim 13 wherein 
said electronic device is selected from the group 
consisting of a video camera, a digital camera, a 
goggle type display, a navigation systems, a sound 
reproduction device, a note type personal compu- 45 
ter, a game machine, a portable information termi- 
nal, and an image projection device. 

19. An electronic device having a pixel portion and a 
driving circuit portion formed on an insulating sur- 50 
face, 

said driving circuit portion comprising: 

at least one n-channel type TFT having an 55 
LDD region partially or entirely overlapping 
a gate electrode with a gate insulation film 
interposed, 



and 

said pixel portion comprising: 

a pixel including a first TFT, a second TFT 
and an EL element connected to said sec- 
ond TFT; 

wherein an LDD region of said first TFT 
overlaps a gate electrode of said first TFT 
with a gate insulation film interposed; and 
wherein an LDD region of said second TFT 
partially or entirely overlaps a gate elec- 
trode of said second TFT with a gate insu- 
lation film interposed. 

20. An electronic device according to claim 19 wherein 
said first TFT is a switching element and said sec- 
ond TFT is a current control element. 

21. An electronic device according to claim 19 wherein 
an n-type impurity element is contained in the LDD 
region of said second TFT at a concentration 2 to 
10 times higher than that of the LDD region of said 
first TFT. 

22. An electronic device according to claim 19 wherein 
the LDD region of said second TFT contains an n- 
type impurity element at a concentration 2 x 10 16 to 
5 x 10 19 atoms/cm 3 . 

23. An electronic device according to claim 19 wherein 
the LDD region of said first TFT contains an n-type 
impurity element at a concentration 1 x 10 16 to 5 x 
10 18 atoms/cm 3 . 

24. An electronic device according to claim 19 wherein 
said electronic device is selected from the group 
consisting of a video camera, a digital camera, a 
goggle type display, a navigation systems, a sound 
reproduction device, a note type personal compu- 
ter, a game machine, a portable information termi- 
nal, and an image projection device. 
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